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METHOD, SYSTEM AND PROGRAM 
PRODUCTS FOR PROJECTING THE 

IMPACT OF CONFIGURATION CHANGES 
ON CONTROLLERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application contains subject matter Which is related 
to the subject matter of the following applications, each of 
Which is assigned to the same assignee as this application. 
Each of the beloW listed applications is hereby incorporated 
herein by reference in its entirety: 

“Method, System And Program Products For Determining 
Whether I/O Constraints Exist For Controllers Of A 
Computing Environment,” Rooney et al., Ser. No. 
09/676,714, ?led hereWith; 

“Dynamically Redistributing Shareable Resources Of A 
Computing Environment To Manage The Workload Of 
That Environment,” Kubala et al., Ser. No. 09/408,470, 
?led Sep. 28, 1999; 

“Method, System And Program Products For Managing 
Groups Of Partitions Of A Computing Environment,” 
Kubala et al., Ser. No. 09/407,391, ?led Sep. 28, 1999; 

“Method, System And Program Products For Managing 
Central Processing Unit Resources Of A Computing 
Environment,” Eilert et al., Ser. No. 09/407,212, ?led 
Sep. 28, 1999; 

“Method, System And Program Products For Managing 
Logical Processors Of A Computing Environment,” 
King et al., Ser. No. 09/407,594, ?led Sep. 28, 1999; 

“Processing Channel Subsystem Pending I/O Work 
Queues Based On Priorities,” Maergner et al., Ser. No. 
09/407,459, ?led Sep. 28, 1999; 

“Method, System And Program Products For Determining 
I/O Con?guration Entropy,” William J. Rooney, Ser. 
No. 09/407,453, ?led Sep. 28, 1999; 

“Method And Apparatus For Assigning Resources To 
Logical Partition Clusters,” Rooney et al., Ser. No. 
09/407,810, ?led Sep. 28, 1999; 

“Method And Apparatus For Creating And Identifying 
Logical Partition Clusters,” Rooney et al., Ser. No. 
09/407,514, ?led Sep. 28, 1999; 

“Method, System and Program Products For Managing 
I/O Con?gurations Of A Computing Environment,” 
CWiakala et al., Ser. No. 09/407,544, ?led Sep. 28, 
1999; and 

“Measuring UtiliZation Of Individual Components Of 
Channels,” Glassen et al., Ser. No. 09/539,024, ?led 
Mar. 30, 2000. 

TECHNICAL FIELD 

This invention relates, in general, to input/output (I/O) 
processing, and in particular, to projecting the impact of 
con?guration changes on controllers. 

BACKGROUND ART 

The management of Workload plays an important role in 
computing environments today. Thus, various aspects of 
processing Within a computing environment are scrutiniZed 
to ensure a proper allocation of resources and to determine 
Whether any constraints exist. One type of processing that is 
scrutiniZed is I/O processing. 

In I/O processing, Workload management includes prop 
erly allocating channels to control units. To determine 
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2 
Whether the allocation is suf?cient, channel delay is mea 
sured. Previously, the metric of channel delay included 
measuring the response times. 
When it is determined that the allocation is insuf?cient, 

then various changes need to be made. The cost of making 
these changes is expensive and thus, a need exists for a 
technique for projecting the impact of con?guration changes 
on the control units, prior to making the adjustments. In 
particular, a need exists for a capability that quanti?es the 
impact of a change on one or more control units to be 
affected by that change. 

SUMMARY OF THE INVENTION 

The shortcomings of the prior art are overcome and 
additional advantages are provided through the provision of 
a method of projecting an impact of con?guration changes 
on controllers. The method includes, for instance, selecting 
a controller associated With a con?guration change; and 
projecting an impact of the con?guration change on the 
controller, Wherein the projecting quanti?es the impact. 

System and computer program products corresponding to 
the above-summariZed methods are also described and 
claimed herein. 

Advantageously, a capability is provided for quantifying 
the impact of con?guration changes on controllers. The 
quanti?cation provides numerical representations of the 
impact that a particular change has on one or more control 
lers associated With the change. These representations can be 
used to select a best option for making a con?guration 
change. 

Additional features and advantages are realiZed through 
the techniques of the present invention. Other embodiments 
and aspects of the invention are described in detail herein 
and are considered a part of the claimed invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The subject matter Which is regarded as the invention is 
particularly pointed out and distinctly claimed in the claims 
at the conclusion of the speci?cation. The foregoing and 
other objects, features, and advantages of the invention are 
apparent from the folloWing detailed description taken in 
conjunction With the accompanying draWings in Which: 

FIG. 1a depicts one example of a computing environment 
incorporating and using one or more aspects of the present 
invention; 

FIG. 1b depicts another embodiment of a computing 
environment incorporating and using one or more aspects of 
the present invention; 

FIG. 2 depicts additional components of the computing 
environments of FIGS. 1a and 1b incorporating and using 
aspects of the present invention; 

FIG. 3 depicts one embodiment of the overall logic 
associated With determining controller I/O velocity and 
using the controller I/O velocity to determine Whether a 
controller constraint exists, in accordance With an aspect of 
the present invention; 

FIGS. 4a—4b depict one embodiment of the logic associ 
ated With the collection of data of FIG. 3 and With deter 
mining a default I/O velocity, in accordance With an aspect 
of the present invention; 

FIGS. 5a—5b depict one embodiment of a global data 
structure located Within a coupling facility used to store the 
collected data, in accordance With an aspect of the present 
invention; 
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FIG. 6 depicts one embodiment of the logic associated 
With the storing of data of FIG. 3 and With calculating an 
actual I/O velocity, in accordance With an aspect of the 
present invention; 

FIG. 7 depicts one embodiment of the logic associated 
With projecting an adjusted I/O velocity, in accordance With 
an aspect of the present invention; 

FIG. 8 depicts one embodiment of the logic associated 
With the project I/O velocity invocation of FIG. 7, in 
accordance With an aspect of the present invention; 

FIG. 9 depicts one embodiment of the logic associated 
With the project channel utiliZation of FIG. 8, in accordance 
With an aspect of the present invention; 

FIG. 10 depicts one embodiment of the logic associated 
With calculating adjusted control unit loads, in accordance 
With an aspect of the present invention; and 

FIG. 11 depicts one embodiment of the logic associated 
With spreading the load, in accordance With an aspect of the 
present invention. 

BEST MODE FOR CARRYING OF THE 
INVENTION 

In accordance With an aspect of the present invention, a 
capability is provided for determining Whether a controller 
(e.g., a control unit) of a computing environment needs 
additional resources, such as input/output (I/O) resources 
(e.g., one or more channels). In making this determination, 
a metric representing the resource is calculated, as described 
herein. 

One embodiment of a computing environment incorpo 
rating and using one or more aspects of the present invention 
is described With reference to FIG. 1a. A computing envi 
ronment 100 is based, for instance, on the Enterprise Sys 
tems Architecture (ESA)/390 offered by International Busi 
ness Machines Corporation, Armonk, NY. ESA/390 is 
described in an IBM publication entitled Enterprise Systems 
Architecture/390 Principles Of Operation, IBM Publication 
No. SA22-7201-06, July 1999, Which is hereby incorporated 
herein by reference in its entirety. One example of a com 
puting environment based on ESA/390 is the 9672 Parallel 
Enterprise Server offered by International Business 
Machines Corporation. 

Computing environment 100 includes, for example, a 
central processor complex (CPC) 102 having one or more 
central processors 106 (e.g., CP1—CP4), one or more parti 
tions 108 (e.g., logical partitions (LP1—LP4)), and at least 
one logical partition manager 110, each of Which is 
described beloW. 

Central processors 106 are physical processor resources 
that are allocated to the logical partitions. In particular, each 
logical partition 108 has one or more logical processors (not 
separately shoWn for clarity), each of Which represents all or 
a share of a physical processor 106 allocated to the partition. 
The logical processors of a particular partition 108 may be 
either dedicated to the partition (so that the underlying 
processor resource 106 is reserved for that partition) or 
shared With another partition (so that the underlying pro 
cessor resource is potentially available to another partition). 

In the particular example shoWn, each of logical partitions 
LP1—LP4 functions as a separate system having a resident 
operating system 112 (Which may differ for each logical 
partition) and one or more applications 114. In one 
embodiment, operating system 112 is the OS/390TM operat 
ing system offered by International Business Machines 
Corporation. 
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4 
Additionally, each operating system (or a subset thereof) 

includes a Workload manager 116 for managing the Work 
load Within a partition and among partitions. One example 
of a Workload manager is WLM offered by International 
Business Machines Corporation. WLM is described in, for 
instance, US. Pat. No. 5,473,773, Aman et al., entitled 
“Apparatus And Method For Managing A Data Processing 
System Workload According To TWo Or More Distinct 
Processing Goals”, issued Dec. 5, 1995; and US. Pat. No. 
5,675,739, Eilert et al., entitled “Apparatus And Method For 
Managing A Distributed Data Processing System Workload 
According To A Plurality Of Distinct Processing Goal 
Types”, issued Oct. 7, 1997, each of Which is hereby 
incorporated herein by reference in its entirety. 

Logical partitions 108 are managed by logical partition 
manager 110 implemented by microcode running on pro 
cessors 106. Logical partitions 108 (LP1—LP4) and logical 
partition manager 110 each comprise one or more programs 
residing in respective portions of central storage associated 
With the central processors. One example of logical partition 
manager 110 is the Processor Resource/Systems ManagerTM 
(PR/SMTM), Which is described, for instance, in the IBM 
publication Processor Resource/Systems Manager Planning 
Guide, GA22-7236-04, March 1999, Which is hereby incor 
porated herein by reference in its entirety. 

Examples of logically partitioned computing systems are 
described in, for instance, Guyette et al., US. Pat. No. 
4,564,903, entitled “Partitioned Multiprocessor Program 
ming System”, issued on Jan. 14, 1986; Bean et al., US. Pat. 
No. 4,843,541, entitled “Logical Resource Partitioning Of A 
Data Processing System”, issued on Jun. 27, 1989; and 
Kubala, US. Pat. No. 5,564,040, entitled “Method And 
Apparatus For Providing A Server Function In A Logically 
Partitioned HardWare Machine”, issued on Oct. 08, 1996, 
each of Which is hereby incorporated herein by reference in 
its entirety. 

In a further embodiment of a computing environment, tWo 
or more central processor complexes are coupled to one 
another to form a sysplex, as depicted in FIG. 1b. As one 
example, a central processor complex (CPC) 102 is coupled 
to one or more other CPCs 120 via, for instance, a coupling 
facility 122. 

In the example shoWn, CPC 120 includes a plurality of 
logical partitions 124 (e.g., LP1—LP3), Which are managed 
by a logical partition manager 126. One or more of the 
logical partitions include an operating system, Which may 
have a Workload manager and one or more application 
programs (not shoWn in this example for clarity). 
Additionally, CPC 120 includes a plurality of central pro 
cessors 128 (e.g., CP1—CP3), the resources of Which are 
allocated among the plurality of logical partitions. In 
particular, the resources are allocated among one or more 

logical processors 130 of each partition. (In other 
embodiments, each CPC may have one or more logical 
partitions and one or more central processors.) 

Coupling facility 122 (aka, a structured external storage 
(SES) processor) contains storage accessible by the central 
processor complexes and performs operations requested by 
programs in the CPCs. (In one embodiment, each central 
processor complex is coupled to a plurality of coupling 
facilities.) Aspects of the operation of a coupling facility are 
described in detail in such references as Elko et al., US. Pat. 
No. 5,317,739 entitled “Method And Apparatus For Cou 
pling Data Processing Systems”, issued May 31, 1994; Elko 
et al., US. Pat. No. 5,561,809, entitled “In AMultiprocess 
ing System Having A Coupling Facility Communicating 
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Messages Between The Processors And The Coupling Facil 
ity In Either A Synchronous Operation Or An Asynchronous 
Operation”, issued Oct. 1, 1996; Elko et al., US. Pat. No. 
5,706,432, entitled “Mechanism For Receiving Messages At 
A Coupling Facility”, issued Jan. 6, 1998; and the patents 
and applications referred to therein, all of Which are hereby 
incorporated herein by reference in their entirety. 

In one embodiment, one or more of the central processors 
are coupled to at least one channel subsystem, Which is used 
in communicating with I/O devices. For example, a central 
processor 200 (FIG. 2) is coupled to main storage 202 and 
at least one channel subsystem 204. Channel subsystem 204 
is further coupled to one or more control units 206. The 
control units are then coupled to one or more I/O devices 
208. 

The channel subsystem directs the How of information 
betWeen the input/output devices and main storage. It 
relieves the central processing units of the task of commu 
nicating directly With the input/output devices and permits 
data processing to proceed concurrently With input/output 
processing. The channel subsystem uses one or more chan 
nel paths 214 as communication links in managing the How 
of information to or from input/output devices 208. 

Each channel path 214 includes, for instance, a channel 
210 of channel subsystem 204, a control unit 206 and a link 
212 betWeen the channel and control unit. In other 
embodiments, a channel path may have multiple channels, 
control units, and/or links. Further, in another example, it is 
also possible to have one or more dynamic sWitches as part 
of the channel path. A dynamic sWitch is coupled to a 
channel and a control unit and provides the capability of 
physically interconnecting any tWo links that are attached to 
the sWitch. Further details regarding channel subsystems are 
described in Casper et al., US. Pat. No. 5,526,484, entitled 
“Method And System For Pipelining The Processing Of 
Channel Command Words,” issued on Jun. 11, 1996; and 
Glassen et al., Ser. No. 09/539,024, entitled “Measuring 
UtiliZation Of Individual Components Of Channels,” ?led 
Mar. 30, 2000, each of Which is hereby incorporated herein 
by reference in its entirety. 

The number of resources (e. g., channels) that are available 
for use by a controller (e.g, a control unit) can be dynami 
cally adjusted to address changing requirements of the 
Workload. In order to determine What adjustments are to be 
made, a metric of resource delay is employed. In one 
example, this metric is referred to as I/O velocity. The U0 
velocity indicates, for instance, channel delay. It can be used, 
in one example, to determine Whether a constraint (e.g., of 
communications bandWidth, such as channel bandWidth) 
exists on a controller (e.g., a control unit (CU)). 

In accordance With an aspect of the present invention, an 
actual I/O velocity of a control unit is calculated using the 
folloWing equation: 

Control Unit I/O Velocity=EDevice Connect Times/(EDevice Con 
nect Times+E(Pending Times-(CU Busy Times+Device Busy 
Times))), 

in Which each device connect time re?ects the amount of 
time that a channel of the control unit is actually being used; 
and the pending time indicates the time the control unit is 
Waiting to use the channel because all of the channels the 
control unit has access to (e.g., up to 8 channels) are busy. 
The pending time includes a number of other busy 
indicators, including for instance, control unit busy and 
device busy, Which are removed from the pending time, in 
this embodiment. 
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6 
The various components of the control unit I/O velocity 

equation and use of the control unit I/O velocity are 
described in further detail With reference to FIGS. 3—6. In 
particular, FIG. 3 depicts an overvieW of the steps performed 
to determine Whether a constraint on a controller exists, and 
FIGS. 4—6 provide additional details for those steps. 

Referring to FIG. 3, initially, data is collected from the 
systems that access the control unit, STEP 300 (FIG. 3). For 
example, if the computing environment is a partitioned 
environment, then data is collected from all of the partitions 
that access the control unit. In one instance, the data is 
collected by an I/O Supervisor (IOS) of the operating 
system. 
The U0 Supervisor then passes the data to a Workload 

manager (e.g., WLM), Which stores the data in, for instance, 
a coupling facility, STEP 302. This storing of the data in the 
coupling facility alloWs the creation of a clustered LPAR 
Wide vieW of the data used to calculate the actual I/O 
velocity. (An LPAR cluster is, for instance, a set of partitions 
running on a single CPC that are all members of the same 
sysplex.) 
The stored data, Which includes the actual control unit I/O 

velocity, is then capable of being used to determine Whether 
a constraint exists for a control unit of the computing 
environment, STEP 304. 
One embodiment of collecting the data is described in 

further detail With reference to FIGS. 4a—4b. The logic of 
FIGS. 4a—4b is performed by IOS, When invoked by, for 
instance, a Workload manager at prede?ned intervals (e.g., 
every ten seconds). When the logic is invoked, some ini 
tialiZation is performed, STEP 400. For instance, a Workarea 
in local memory of the system running the logic is cleared, 
and tWo variables, I/O Velocity Total and Connect Time 
Total, are set to Zero. 

Thereafter, since data is collected for each device of each 
control unit of a cluster, a control unit is selected, STEP 401. 
In particular, in one instance, a subsystem control block 
(SSCB) representing a control unit is selected. Thus, the ?rst 
subsystem control block on a chain of SSCBs is selected, 
Which identi?es the control unit for Which data is being 
collected. 

Subsequently, a device of that control unit is selected for 
processing, STEP 402. In one example, the list of devices for 
a control unit is obtained using its associated SSCB. Then, 
pertinent data for that device is obtained, STEP 404. For 
instance, the pending time and connect time are extracted 
from a measurement block (aka, a channel measurement 
block (CMB)) updated by its associated channel(s). The 
channel measurement block keeps accumulated data of 
various times, including device connect time and pending 
time. 

Additionally, the control unit busy time and device busy 
time are obtained via, for instance, issuing a Store Subchan 
nel instruction (STSCH). Examples of a measurement block 
and a Store Subchannel instruction are described in the 
aforementioned Enterprise Systems Architecture/390 Prin 
ciples of Operation, Which has been incorporated herein by 
reference in its entirety. 

Running totals of pending time, device connect time, 
control unit busy time and device busy time are maintained 
for the devices of the current control unit, STEP 406. Thus, 
the pending time retrieved for the current device is added to 
the sum of pending times for any other devices of this 
control unit already processed. LikeWise, the device connect 
time for this device is added to a total device connect time 
for the control unit; the control unit busy time is added to a 
total control unit busy; and a device busy time is added to a 
total device busy. 
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Next, a determination is made as to Whether there are 
more devices for this SSCB, INQUIRY 408. If there are 
more devices, then processing continues With STEP 402, as 
described above. HoWever, if there are no more devices for 
this SSCB, then processing proceeds With calculating neW 
deltas, STEP 410. In particular, since each of the retrieved 
values represents an accumulation of values, a calculation is 
performed to determine hoW much has changed since the 
last calculation. For example, the last value for a particular 
component (e.g., device connect time, pending time, control 
unit busy time and device busy time) stored in the SSCB is 
subtracted from its corresponding neW value to determine 
the delta. 

Thereafter, the data is stored, for instance, in the coupling 
facility in order to provide in this example an LPAR cluster 
Wide vieW of the data, STEP 412. One example of storing the 
data in the coupling facility is described further beloW With 
reference to FIG. 6. 

Subsequent to storing the data in the coupling facility, the 
SSCB is updated With the neW last values, STEP 414. In 
particular, the last values for the device connect time, 
pending time, control unit busy time and device busy time 
are stored in the SSCB. 

After updating the SSCB With the neW last values, a 
determination is made as to Whether this SSCB supports 
managed channel paths, INQUIRY 416 (FIG. 4b). In one 
example, this determination is made by checking a mask in 
the SSCB. If this control unit supports managed channel 
paths, then a further determination is made as to Whether a 
target I/O velocity is speci?ed in the SSCB, INQUIRY 418. 
If managed channel paths are supported and no target I/O 
velocity is speci?ed, then this SSCB is used to calculate a 
default I/O velocity. In order to make this calculation, ?rst 
the I/O velocity returned from the service Writing the data 
into the coupling facility, as described beloW, is multiplied 
by an average connect time returned, STEP 420. The result 
of that multiplication is then added to the I/O velocity total, 
STEP 422. Additionally, the average connect time is added 
to the connect time total, STEP 424. 

Subsequently, a determination is made as to Whether there 
are more control units to be processed, INQUIRY 426. If 
there are more control units to be processed, then processing 
continues With STEP 401 (FIG. 4a) selecting a control unit. 
HoWever, if there are no more control units to be processed, 
then the default I/O velocity to be used by all the control 
units that do not indicate a target I/O velocity (and support 
managed channels) is calculated, STEP 428. In one example, 
the default I/O velocity is equal to the I/O velocity total 
divided by the connect time total. (In the case Where either 
no controllers had managed channels or all have an explicit 
target I/O velocity, then the default is set to a value, such as 
100.) This default is then stored in a control block that is 
commonly accessible to IOS, STEP 430. In one example, 
this commonly accessible control block is referred to as a 
Dynamic CHPID Management Vector Table (DCMVT). 
As described above, in order to provide an LPAR cluster 

Wide vieW of the data, the data is stored in the coupling 
facility. In one example, various components of the data are 
stored in a global data structure located Within the coupling 
facility, as shoWn in FIGS. 5a—5b. In one example, there is 
one global data structure per SSCB. The global data struc 
ture contains device connect times for a plurality of intervals 
(e.g., tWelve). This enables decisions to be based on a 
moving average. 
A global data structure 500 includes, for instance, an 

index 502 used to indicate the current interval; a control unit 
I/O velocity ?eld 504 for storing the calculated actual 
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control unit I/O velocity; a plurality of connect times 506, 
one for each of the plurality of intervals (e.g., intervals 
1—12); an average of connect time intervals ?eld 508, Which 
indicates an average of eleven of the tWelve intervals; a 
plurality of pending times 510, one for each of the plurality 
of intervals; an average of pending time intervals ?eld 512 
that includes an average of eleven of the tWelve pending 
time intervals; and a plurality of control unit plus device 
busy times 514, one for each interval; and an average of 
CU+device busy intervals ?eld 516, Which indicates an 
average of eleven of the tWelve CU+device busy intervals. 
One embodiment of the logic associated With storing data 

in the coupling facility is described With reference to FIG. 6. 
Initially, a time stamp is obtained, STEP 600. The time from 
the time stamp is then converted to tens of seconds, STEP 
602. Thereafter, an index is calculated by taking modulo 12 
of the time in tens, STEP 604. 

Subsequently, the global data structure of the coupling 
facility is read into local memory and the index that Was just 
calculated is compared to the index stored in the global data 
structure, STEP 606. If the calculated index is equal to the 
stored index indicating that a neW interval is not being 
started, INQUIRY 608, then the pertinent data is added to 
the global data structure, STEP 610. In particular, the 
connect time, the pending time, the control unit busy time 
and the device busy time are added to the values already 
stored at those ?elds in the appropriate interval. 

HoWever, if the calculated index is not equal to the stored 
index, this indicates that a neW interval is being started. 
Thus, certain information is calculated for the current inter 
val that recently ended. For example, an average connect 
time is calculated using 11 of the 12 intervals (the neW 
interval is left out), STEP 612, and that average is stored at 
average of intervals ?eld 508. Similarly, an average of 
pending time is calculated using 11 of the 12 intervals, and 
that average is stored at average of pending time intervals 
512; and an average of CU+busy time is calculated and 
stored in ?eld 516. Additionally, a neW control unit I/O 
velocity is calculated and stored at ?eld 504, STEP 614. In 
particular, the actual I/O velocity is determined by using the 
control unit I/O velocity equation described above. In that 
equation, ZDevice Connect Times is set equal to the average 
of intervals 508, ZPending Times is set to average of 
pending time intervals 512, and ECU Busy Times and 
Device Busy Times is set to average of CU and device busy 
intervals 516. 

Further, the neW index that Was calculated at STEP 604 is 
noW stored at ?eld 502, STEP 616. Additionally, the neW 
data (e.g., the connect time, control unit and device busy 
times, and pending time) are stored in their respective ?elds 
for the neW interval, STEP 618. 

Thereafter, a version number associated With the data 
structure is incremented, and a Writing of the data structure 
to the coupling facility from local memory is initiated, STEP 
620. During this initiation, if the version number check fails, 
INQUIRY 622, then processing continues With STEP 606 
and the data structure is not Written to the coupling facility. 
OtherWise, the global data structure is Written to the cou 
pling facility. Further, the I/O velocity and average connect 
time are returned to the caller. 
At this point, an actual control unit I/O velocity has been 

determined for each of the desired control units. Each 
control unit I/O velocity provides a metric of channel delay, 
Which may be used to set channel bandWidth consumption 
targets for individual control units. In one example, the 
target for a control unit is the default calculated above or an 
explicit target speci?ed by WLM. Further, in another 
embodiment, a ?xed value may be used. 
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A balance checking service may then be invoked by the 
Workload manager at predetermined intervals (e.g., every 
ten seconds) (or the logic of FIGS. 4a—4b automatically ?oW 
into the balance checking service) to determine if any of the 
control units are not achieving their target I/O velocity. In 
particular, if any of the control units are found outside of a 
tolerance of, for instance, plus or minus 5 percentage points 
of the target I/O velocity, an imbalance correction function 
is executed in an attempt to place the control unit Within 
range. One embodiment of an imbalance correction tech 
nique is described in detail in CWiakala et al., Ser. No. 
09/407,544, entitled “Method, System and Program Prod 
ucts For Managing I/O Con?gurations Of A Computing 
Environment,” ?led Sep. 28, 1999, Which is hereby incor 
porated herein by reference in its entirety. 

In the imbalance correction technique, each control unit 
failing to meet the target, referred to herein as the target 
control unit, has associated thereWith one or more decision 
selection blocks (DSBs), each of Which represents a different 
possible solution (e.g., a different con?guration). Further, 
each DSB includes a list of one or more control units that 
Would be affected by the change represented by that DSB. 

For the target control unit and each affected control unit 
of a DSB (collectively referred to herein as affected control 
units), a projected adjusted I/O velocity technique is 
invoked, in accordance With an aspect of the present 
invention, in order to determine a projected adjusted I/O 
velocity for each of the affected control units of the DSB 
should the con?guration be adopted. The projected I/O 
velocities resulting from the invocation of the routine are 
stored in the DSB. This information is then used to select the 
best option for the target control unit Within the tolerance of 
the target I/O velocity. 

One embodiment of the logic associated With projecting 
adjusted I/O velocities for affected control units of a DSB is 
described With reference to FIG. 7. Initially, a project I/O 
velocity routine (described beloW) is invoked in order to 
project the I/O velocity for the control units based on the 
current I/O con?guration, STEP 700. That is, the project I/O 
velocity routine is executed for the current con?guration in 
order to obtain one or more a base numbers (i.e., one or more 

base I/O velocities) to be used later on for comparison. 
Subsequent to projecting the I/O velocity for the current I/O 
con?guration, the project I/O velocity routine is invoked for 
the control units, once again. This time it is executed for a 
proposed I/O con?guration associated With the DSB, STEP 
702. Thereafter, a projected adjusted I/O velocity for each 
control unit of the DSB is determined using the projected I/O 
velocity values obtained from the tWo executions of project 
I/O velocity, STEP 704. In one example, the projected 
adjusted I/ O velocity for a particular control unit is obtained 
by calculating the delta of the tWo values (i.e., the project I/O 
velocity of the proposed con?guration—the project I/O 
velocity of the current con?guration) and adding the delta to 
the actual I/O velocity of the current con?guration previ 
ously determined for the control unit. This value is placed in 
the DSB corresponding to the control unit. 

One example of the details associated With projecting I/O 
velocities for affected control units is described With refer 
ence to FIG. 8. Initially, the utiliZation of the channels 
associated With a con?guration (initially for the current 
con?guration and later for the proposed con?guration of the 
target control unit) are projected, STEP 800. To project the 
channel utiliZations for the con?guration, the corresponding 
I/O topology is looked at and the adjusted control unit load 
on the affected control units, described beloW, is used. 

In one embodiment, the project channel utiliZation logic 
processes control units With the least number of channels 
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?rst. In case of multiple control units With the same number 
of channels, those control units With the least load (i.e., total 
connect time) are processed ?rst. HoWever, the logic has no 
order dependency on processing the channels. 

Further details regarding the projecting of channel utili 
Zations is described With reference to FIG. 9. In the descrip 
tion of this logic, a “.” notation is used, Which indicates a 
value for a particular component speci?ed after the “.”. For 
instance, failed load.CU indicates there is a failed load value 
for each control unit of interest. 

Referring to FIG. 9, initially, for each control unit affected 
by the con?guration, a variable referred to as old load.CU is 
initialiZed to Zero, and another variable referred to as failed 
load.CU is initialiZed to an adjusted control unit load, STEP 
900. In order to determine an adjusted control unit load, the 
logic of FIG. 10 is employed. 

Referring to FIG. 10, at prede?ned intervals, one or more 
counts are taken, Which are used during the calculations. In 
order to obtain a desired count for a particular interval, a 
timestamp associated With the interval is determined. For 
example, a channel time delta is set equal to a channel 
update time, Which is retrieved from a facility (e.g., a 
Channel Path Measurement Facility (CPMF)), minus the last 
channel update time, Which is stored in memory, STEP 1000. 
This provides a timestamp for the last interval. For this 
interval, a channel busy time delta is set equal to a channel 
busy time (retrieved from CPMF) minus the last channel 
busy time, STEP 1002. (One example of CPMF is described 
in Glassen et al., Ser. No. 09/539,024, entitled “Measuring 
UtiliZation Of Individual Components Of Channels”, ?led 
Mar. 30, 2000, Which is hereby incorporated herein by 
reference in its entirety.) 

Additionally, a channel connect update time delta is set 
equal to the channel connect update time minus the last 
channel connect update time to obtain an interval for chan 
nel connect time. Then, a channel connect time delta is set 
equal to a channel connect time minus the last channel 
connect time, Which provides an amount of connect time 
associated With the data transfer that occurred in the last 
interval. (In one example, the connect time is being accu 
mulated in a table (e.g., a Channel Path Connect Table, 
Where it is accumulated I/O by I/O from the CMB), and the 
timestamp is associated thereWith.) 

Thereafter, a channel ratio is determined by dividing the 
channel busy time delta by the channel connect time delta, 
STEP 1008. Using the above calculations, a channel ratio is 
determined for each channel of each control unit of the 
current DSB. 

Subsequently, for each control unit, a channel utiliZation 
ratio is determined, STEP 1010. In one example, the channel 
utiliZation ratio is determined by adding the ratios for the 
channels connected to the control unit to obtain a sum, and 
dividing the sum by the number of channels connected to the 
control unit. Additionally, for each control unit, an adjusted 
control unit load is determined, STEP 1012. In one example, 
the adjusted control unit load is equal to the average connect 
time associated With the control unit (i.e., a sum of the 11 
intervals of connect times for the control unit divided by 11) 
multiplied by the channel utiliZation ratio for the control 
unit. This provides the adjusted control unit loads employed 
by the project channel utiliZation routine. 

Returning to FIG. 9, subsequent to initialiZing the failed 
load.CU to the adjusted control unit load for all the affected 
control units of this con?guration, processing continues With 
initialiZing a variable referred to as path load.CHPID to Zero 
for all paths (e.g., CHPIDs), STEP 902. Moreover, variables 
referred to as trial factors.CU and trial factors.CHPID are 
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initialized to Zero for all of the control units and channels, 
respectively, of all of the affected control units, STEP 904. 

Next, a control unit is selected to be processed, and for 
that control unit, a variable referred to as trial load.CU is set 
equal to the failed (or unassigned) load.CU/number of 
channel paths for that control unit, STEP 906. Further, the 
trial factor for the control unit is determined, STEP 908. In 
one example, trial factors.CU is set equal to (trial load.CU>< 
100)/(100—trial load.CU). Thereafter, trial factors.CU is 
added to the total trial factor for each of the subsystem’s 
paths (i.e., trial factors.CHPID), STEP 910. 

Subsequently, a determination is made as to Whether there 
are any more control units to process, INQUIRY 912. If 
there are more control units to process, then processing 
continues With STEP 906. HoWever, if there are no more 
control units to process, then a spread load function is 
invoked, STEP 914. One embodiment of the logic associated 
With the spread load function is described beloW With 
reference to FIG. 11. 

The spread load logic is performed for each control unit 
of the DSB and for each path Within the control unit. Thus, 
initially the control unit is selected, STEP 1100, and a path 
Within the control unit is selected, STEP 1102. 

For the selected path Within the control unit, the change 
in utiliZation for this CHPID is calculated, STEP 1104. One 
example of this calculation is as folloWs: Delta Load=((100— 
path load.CHPID)><trial factors.CU)/(100+trial 
factors.CHPID), in Which the values of the variables are 
obtained from the project channel utiliZation logic. 

Thereafter, the neW load for the path is calculated by 
adding the delta load to the neW load.CHPID (i.e., neW 
load.CHPID=neW load.CHPID+delta load), STEP 1106. 
Further, the failed load and old load for the control unit are 
calculated, respectively. For instance, failed load.CU=failed 
load.CU-delta load, STEP 1108, and old load.CU.CHPID= 
old load.CU.CHPID+delta load, STEP 1110. 

Subsequently, a determination is made as to Whether this 
is the last CHPID attached to this control unit, INQUIRY 
1112. If this is not the last CHPID, then processing continues 
With STEP 1102. HoWever, if this is the last CHPID of the 
selected control unit, then a determination is made as to 
Whether this is the last control unit in this DSB, INQUIRY 
1114. If this is not the last control unit, then processing 
continues With STEP 1100. HoWever, if this is the last path 
of the last control unit, then for each path (i.e., CHPID), its 
respective path load.CHPID is set equal to the neW 
load.CHPID, STEP 1116. 

Referring back to FIG. 9, after performing the spread 
load, a determination is made as to Whether the failed load 
for each control unit of the DSB is minimal (e.g., Within 
0.5%, or approaching Zero), INQUIRY 916. If the failed load 
for each control unit is not minimal, then processing con 
tinues With STEP 904. OtherWise, processing of the project 
channel utiliZation is complete, STEP 918. The path load 
.CHPID represents the projected channel utiliZation for the 
corresponding path. 

After completing the project channel utiliZations, process 
ing continues With determining contention factors, STEP 
802 (FIG. 8). In one example, a contention factor is de?ned 
as: Given a control unit With N channels at a given 
utiliZation, the contention factor for the control unit is the 
single channel equivalent utiliZation yielding an equal prob 
ability that an I/O request to that control unit Would Wait. 
The contention factors are determined using the projected 
channel utiliZations and the con?guration (either the current 
or proposed con?guration). 
A contention factor is determined for each control unit in 

the DSB, one at a time. For example, assume that a Control 
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Unit 220 is connected to 4 CHPIDs having the folloWing 
projected utiliZations: 

CHPID UTILIZATION 

2O 40% 
37 42% 
48 29% 
73 33% 

In one example, the CHPIDs connected to the control unit 
are sorted from loWest to highest projected utiliZation. 

CHPID UTILIZATION 

48 29% 
73 33% 
2O 40% 
37 42% 

Then, average utiliZations are calculated based on the utili 
Zation of the ?rst CHPID in the list, then the average of the 
?rst tWo CHPIDs in the list, and so on doWn the list. 

AVERAGE 
CHPID UTILIZATION UTILIZATION 

48 29% 29% 
73 33% 31 % 
2O 40% 34% 
37 42% 36% 

Each of the average utiliZations is then applied to a table 
to determine its corresponding contention factor. If the exact 
utiliZation is not in the table, then an interpolation is 
performed. One example of the table is depicted beloW: 

Single CHPID Equivalent Utilization 
Yielding Equal Probability Of Waiting 

Contention Factor 

Number of CHPIDs 

Avg util 1 2 3 4 5 6 7 s 

0 0 0 0 0 0 0 0 0 
5 5 0 0 0 0 0 0 0 

10 10 2 0 0 0 0 0 0 
15 15 4 1 0 0 0 0 0 
20 20 7 2 1 0 0 0 0 
25 25 10 4 2 1 0 0 0 
30 30 14 7 4 2 1 1 0 
35 35 1s 10 6 4 2 1 1 
40 40 23 14 9 6 4 3 2 
45 45 2s 19 13 9 7 5 3 
50 50 33 24 17 13 10 s 6 
55 55 39 29 23 1s 14 12 9 
60 60 45 35 29 24 20 17 14 
65 65 51 42 35 30 26 23 20 
70 70 5s 49 43 3s 34 30 27 
75 75 64 57 51 46 42 39 36 
s0 s0 71 65 60 55 52 49 46 
s5 s5 78 73 69 65 62 60 57 
90 90 s5 s2 79 76 74 72 70 
95 95 93 91 89 88 s7 s5 84 
100 100 100 100 100 100 100 100 100 










